Colorado potato beetle, Leptinotarsa decemlineata (Say), is a devastating pest of potatoes in North America and Europe. L. decemlineata has developed resistance to insecticides used for its control. In this study, in order to find a more effective potential biological control agent against L. decemlineata, we investigated its microbiota and tested their insecticidal effects. According to morphological, physiological and biochemical tests as well as 16S rDNA sequences, microbiota was identified as Leclercia adecarboxylata (Ld1), Acinetobacter sp. (Ld2), Acinetobacter sp. (Ld3), Pseudomonas putida (Ld4), Acinetobacter sp. (Ld5) and Acinetobacter haemolyticus (Ld6). The insecticidal activities of isolates at 1.8×10 9 bacteria/mL dose within five days were 100%, 100%, 35%, 100%, 47% and 100%, respectively, against the L. decemlineata larvae. The results indicate that Leclercia adecarboxylata (Ld1) and Pseudomonas putida (Ld4) isolates may be valuable potential biological control agents for biological control of L. decemlineata.
Introduction
Potato is an important crop with ∼4.3 million tons of production on 192,000 hectares of growing area in Turkey. The Colorado potato beetle, Leptinotarsa decemlineata (Say), is a pre-eminent pest on solanaceous crops worldwide, and many methods have been used to control it, including hand-picking, bird predation, introduction of natural enemies, trapping border sprays, trench traps, propane flames and crop rotation (Casagrande 1987) . Both adults and larvae feed on this host, and often cause complete defoliation of potato plants attacked, with considerable yield losses (50% of the crop in some European and Mediterranean Plant Protection Organization countries). In favourable weather and biological circumstances, populations are liable to expand dramatically; even with 90% egg mortality and varying degrees of larval mortality, after 5 years without control, a population of 1.1×10 12 could build up from a single pair of parents. L. decemlineata is also suspected of spreading several potato diseases, including Ralstonia solanacearum and Clavibacter michiganensis subsp. sepedonicus (http://www.eppo.org/QUARANTINE/ insects/Leptinotarsa decemlineata/LPTNDE ds.pdf).
Genetically engineered resistant varieties containing toxin genes from Bacillus thuringiensis tenebrionis are highly effective, but they are not now being used because of marketing concerns and limited number of transgenic varieties available. Also, recombinant defence molecules in plants may affect parasitoids or predators indirectly (Bouchard et al. 2003) .
In general, the control of this pest is accomplished by utilizing insecticides. However, during the 1980's, resistance against many insecticides commonly used for the control of L. decemlineata began to develop. This insect is well-known for its rapid resistance development to pesticides (Dickens 2002) . Also, insect's natural enemies were influenced by pesticides used against the L. decemlineata (Ferro & Boiteau 1993) . However, the development of insecticide resistance in target populations and concern about the detrimental effects of these chemicals on non-target arthropods, the environment, and human health have spurred interest in alternative insect control agents.
Other microorganisms associated with insects have been implicated in altering the population ecology of their hosts. For example, ice-nucleating bacteria have been shown to decrease the overwintering capacity of L. decemlineata (Lee et al. 1994) . Such bacteria, even in a killed form, have been documented to raise the lowest temperature at which the insect will survive in soil. In addition, there may be as yet undiscovered associations of individual microbes or microbial communities that can affect the establishment of insects or their ability to overwinter. Components of the microbiota of insects may also affect the ability through antagonism or competition of plant pathogen partners in synergisms with insects.
Microscopic techniques and physiological together with biochemical tests generally cannot distinguish between different bacteria. Relatedness of species could be determined with the bacterial taxonomy molecular techniques. DNA hybridization studies on entire genomes or selected genes are the basis for comparison between species. Similarly, the potential of sequence analysis of genes coding for rRNA and of certain proteins for interfering the evolution of taxa through billions has been documented (Woese 1987) . The introduction of PCR amplification of 16S rDNA genes from bacterial DNA is used to differentiate the bacteria from each other.
At present a lot of pesticides have been used in Turkey to control L. decemlineata; some of them are endosulfan, deltametrin, chlorpyrifos-ethyl, azinphos, promecarb, and cypermethrin. Increasing interest in developing environmentally safe pest control methods has inspired us to study the potential of bacteria for controlling L. decemlineata. Since there is no study on investigation of microbiota as biological control agent of L. decemlineata, this insect is very attractive for biological control studies. Infected insect larvae present certain symptoms that suggest bacterial infection; they become flaccid, lethargic, and stop eating (Osborn et al. 2002) . Various bacterial insect pathogens have been used successfully in microbial control of insects (Sezen & Demirbag 1999 Demir et al. 2002; Kati et al. 2005; Sezen et al. 2007 Sezen et al. , 2008 .
Here we report on the isolation and identification of bacteria found in living L. decemlineata. We tested the insecticidal activities of these bacterial isolates that are less affected both plant varieties and the natural enemies of L. decemlineata against its larvae as possible biological control agents. The main goal of the study was to describe the isolation and further characterization of bacteria from the adults of L. decemlineata. Using conventional tests and sequence analysis of the bacterial 16S rRNA gene, we identified six bacterial isolates to at least the genus level. Also, in order to find and identify a new toxic bacterial isolate against the adults of L. decemlineata, we isolated the entomopathogenic bacteria from the beetle larvae and adults, characterized them in detail and tested for their insecticidal activity.
Material and methods

Collection of insects
Adults and larvae of L. decemlineata were collected from area of potato field in Trabzon, Turkey, during the period of 2005-06. They were sampled from an untreated area (untreated with B. thuringiensis). Collected insects were brought to the Microbiology Laboratory at the Biology Department, Karadeniz Technical University, Trabzon, Turkey.
Isolation and identification of bacteria from L. decemlineata Insect larvae and adults were examined macroscopically for any infections, and the surface of healthy insects was sterilized in 70% alcohol to remove possible contaminants (Poinar 1978) . Both larvae and adults were homogenized in a nutrient broth by using a sterilized glass tissue grinder. Ten insects were used in every homogenisation and all homogenisations were repeated three times on different occasions. In the repeat, bacterial suspensions were prepared in one of the two following ways. In the first way, the suspension was filtered twice through two layers of cheesecloth to remove debris (Poinar 1978) . The suspension was diluted to 10 −8 (Christine & Ted 1992) . One hundred µL of every diluted sample were spread on nutrient agar plates and incubated at 28 • C for 48-96 h. Alternatively the suspension was applied directly to nutrient agar plates. In the second way, the suspension was heated at 80 • C for 10 min in a water bath to eliminate the non-spore forming bacteria (Thiery & Frachon 1997) . One hundred µL of the heat-treated samples were spread directly on nutrient agar plates and incubated at 28 • C for 48-96 h (Lee et al. 1995) . After incubation times, all the plates obtained in both ways were examined, bacterial colonies being selected based on colour and morphology. Pure cultures of these colonies were then prepared; every one of different colonies was coded from Ld1 to Ld6 and these cultures were identified by various tests, such as utilization of organic compounds, spore formation, NaCl tolerance, optimum temperature, catalase test, oxidase test and gelatine hydrolysis. The API 20E and API 50CH systems were used only to characterize the bacterial isolate, because, as pointed out by Behrendt et al. (1999) and Peix et al. (2003) , the identification of non-clinical isolates is often wrong with these systems.
The identification procedure of isolated bacteria was done according to "Bergey's Manual of Systematic Bacteriology 1 and 2" (Krieg & Hol, 1986; Sneath et al. 1986 ).
16S rDNA sequencing
For 16S rDNA sequencing, DNA was extracted as described previously (Sambrook et al. 1989 ). Amplification and sequencing of the nearly complete of 16S rDNA gene was performed according to the conventional methods. The PCR product was cloned into pGEM-T easy vector and then the 16S rDNA gene sequences were determined with an Applied Biosystems model 373A DNA sequencer, using the ABI PRISM cycle-sequencing kit. Sequences consisting of about 1,400 nucleotides of the 16S rDNA gene of isolates were determined. The sequences obtained were compared with those from GenBank (Benson et al. 2010 ) using the BLAST program (Altschul et al. 1990 ) and 16S rRNA gene sequences of Ld1-6 have been deposited in GenBank under the accession numbers HQ132731, HQ132732, HQ659186, GU187010, HQ132733 and HQ132734, respectively.
Experimental infections for bacterial isolates
Bacteria were incubated in nutrient broth medium at 30 • C for 18 h. After incubation, the bacterial density was measured at OD600 and then adjusted to 1.89 (1.8×10 9 CFU/mL) (Ben-Dov et al. 1995; Moar et al. 1995) . Five mL of this culture was centrifuged at 3,000 rpm for 10 min. The pellet was re-suspended in 5 mL of sterilized phosphate buffer solution (PBS) and was used in bioassays.
General conditions for experimental infections
Toxicity assays were carried out with the bacterial isolates on the L. decemlineata larvae. The diet was prepared from the pieces of leaves (2-3 cm 2 ) of potato. The diet was placed into individual sterilized glass containers (80 mm in diameter). Bacterial isolates prepared in PBS were applied to the surface of the diet. Ten larvae (the second and the third stadium) were placed on the diet in each container. Containers were kept at 26 ± 2 • C and 60% relative humidity on a 12:12 h photo regime, with the diet changed after eating. The mortalities of larvae were recorded every 24 h and all dead larvae were removed from containers. Toxicity tests were carried out with the positive and negative controls. Bacillus thuringiensis tenebrionis (Plant Genetic Systems J. Plateaustroat 22, 9000 Gent, Belgium) was used as positive control and PBS was used as negative control. At least 30 larvae were assayed for each isolate. All bioassays were repeated three times on different occasions. Means were analysed using one-way analysis of variance (ANOVA) and compared by least significant difference (LSD) test (Minitab, 1997, User's guide, Release 11; Minitab, State College, PA).
Results
In this study, six different bacteria (Ld1, Ld2, Ld3, Ld4, Ld5, and Ld6) were isolated from L. decemlineata. These bacteria were selected and characterized by morphological, physiological and biochemical properties (Table 1) . Besides, the morphological and metabolic characteristics of bacterial isolates, the 16S rDNA sequences were determined. The API 20E and API 50CH test systems were also used to characterize the bacterial isolates. Ld3 and Ld6 did not grow in API test systems (Tables 2 and 3) . All of the isolates were rod-shaped, occurring singly, Gram negative. Motility was observed in only one isolate (Ld1). While the catalase test was positive for all isolates, the hydrolysis of starch was negative for all isolates. Indole production was negative in all isolates except for the Ld1.
PCR provided rapid and highly sensitive determination of the 16S rRNA gene contents of all isolates. The determined sequences showed that all isolates have one fragment with the expected sizes of about 
Note that Ld3 and Ld6 did not grow in this test; +, positive growth; -, negative growth.
1,400 bp corresponding to 16S rDNA gene. The nearly complete 16S rDNA sequence of bacterial strains exhibited 98% and 99% similarity to those of Leclercia (Ld1), Acinetobacter (Ld2, Ld3, Ld5, Ld6) and Pseudomonas (Ld4) ( Table 4 ). While results obtained from physiological, biochemical, and molecular tests were evaluated for the identification of bacteria, results of molecular tests were regarded firstly. As can be seen from Table 4 , there are many species resembling to every isolate of the L. decemlineata. There- Gammaproteobacteria; Pseudomonadales; Pseudomonadaceae; Pseudomonas domain. The insecticidal activities of the bacterial isolates at 1.8×10 9 bacteria/mL dose within five days on the larvae of L. decemlineata are presented in Table 5 .
We also recorded that larvae showed general symptoms before death following 10 days of infection with the bacterial isolate; the larvae displayed sluggishness and loss of appetite. In addition to the other major symptoms, infection decreased larval survival. The average duration of larval life span of healthy individuals at 26 ± 2 • C was 30 ± 2 days, whereas the average life span for infected larvae at 26 ± 2 • C was 5 ± 3 days.
Discussion
Although there have been a lot of chemical, mechanical and biological studies oriented for controlling the damage by L. decemlineata, studies connected with its microbiota have been neglected. One of the best ways is to utilize the entomopathogens of harmful insect for the purpose of its biological control. There has recently been an increasing interest in finding more pathogenic and safer bacterial isolates against hazardous insects. However, bacteria-insects interaction is not only pathogenic but also symbiotic. Symbiotic bacteria, ranging from pathogenic to mutualistic and from facultative to obligate, are ubiquitously located in animal guts (Lau et al. 2002) . Determining the symbiotic bacteria in insect species can allow the development of new approaches for biological control (Li et al. 2005) . Therefore, many scientists investigated the microbiota of harmful insects (Lipa & Wiland 1972; Fitt & O'Brien 1985; Sezen & Demirbag 1999; Kuzina et al. 2001; Demir et al. 2002; Osborn et al. 2002) .
L. adecarboxylata (Ld1) (Muratoglu et al. 2009 ) has been isolated for the first time from microbiota of pest insect, L. decemlineata. L. adecarboxylata were designated initially as 'Enteric group 41' or 'Escherichia adecarboxylata'. L. adecarboxylata phenotypically resembles E. coli. Lysine decarboxylase, malonate assimilation, and acid production from arabitol and cellobiose (but not from adonitol and sorbitol), allowed a definitive separation of L. adecarboxylata from E. coli. Based on nucleic acid and protein electrophoretic techniques, 'E. adecarboxylata' was separated from the 'Enterobacter agglomerans' complex (Izard et al. 1985) to which it had been assigned temporarily, and renamed as L. adecarboxylata (Tamura et al. 1986 ).
Isolates Ld2, Ld3, Ld5, and Ld6 were Gramnegative rods, non-spore forming, catalase and urease positive. Morphological, physiological and biochemical tests showed that these bacterial isolates were Acinetobacter sp. In addition to the results of physiological and biochemical tests, 16S rDNA tests revealed that one of them was Acinetobacter haemolyticus (Ld6). Isolates Ld2, Ld3, and Ld5 exhibited some features of different Acinetobacter species. These bacteria were thus identified as Acinetobacter sp. Acinetobacter is very common in insects and widely distributed in nature and normally found in soil and water (Bucher 1981) .
P. putida (Ld4) is a rapidly growing bacterium, which can frequently be isolated from most temperate soils and waters, particularly from polluted soils. Pseudomonads are engaged in important metabolic activities in environment, including element cycling and degradation of biogenic and xenobiotic pollutants (Timmis 2002) . Sixteen species of the genus Pseudomonas are found in insects. In the literature, P. aeruginosa and P. fluorescens were frequently isolated from insects (Sezen & Demirbag 1999; Sezen et al. 2004 Sezen et al. , 2005 . In previous studies, it was reported that this bacterium could infect Euproctis chrysorrhoea (Steinhaus 1963), and Dendroctonus micans (Coleoptera: Scolytidae) (Yilmaz et al. 2006) . A number of Pseudomonas species are important insect pathogens, i.e., P. chlororaphis (Bucher 1981) , P. fluorescens (Sezen & Demirbag 1999) and P. aeruginosa (Osborn et al. 2002) . Despite P. putida isolate appears insignificant as an insect pathogen (Schneider & Dorn 2001) , our P. putida isolate (Ld4) is highly pathogenic against L. decemlineata larvae (Muratoglu, Demirbag & Sezen, unpublished results) .
In all bioassays, the highest insecticidal activity of the bacterial isolates on the larvae of L. decemlineata was 100% for L. adecarboxylata (Ld1), Acinetobacter sp. (Ld2), P. putida (Ld4), and A. haemolyticus (Ld6). The insecticidal activities of the remaining bacterial isolates were 35% and 47% with Acinetobacter (Ld3 and Ld5) species on the L. decemlineata larvae (ANOVA LSD, P<0.05). Especially, the capacity of L. adecarboxylata (Ld1), Acinetobacter sp. (Ld2), P. putida (Ld4), and A. haemolyticus (Ld6) to control L. decemlineata in laboratory conditions is clear.
Consequently, the results indicate that L. adecarboxylata (Ld1) and P. putida (Ld4) isolates may be valuable as potential biological control agents for biological control of L. decemlineata. We suggest to develop L. adecarboxylata (Ld1) and P. putida (Ld4) as biopesticides. None of these bacteria are human pathogens. These two bacterial isolates are well defined at a species level. Especially, the insecticidal activity of L. adecarboxylata isolate was not known before. Future studies will be conducted with the aim of finding a better microbial control agent against this hazardous insect using this pesticide or other newly improved pesticides. The present study has contributed significantly to the literature on bacterial isolates and microbial control of the L. decemlineata.
